Abstract Bariatric surgery remains the only durable weight loss treatment in the morbidly obese patient. Since 1993, laparoscopic adjustable gastric banding has been a popular choice owing to low perioperative morbidity and relative ease of placement. LAGB functions by limiting food intake via placement of an inflatable silicone band around the stomach. Although LAGB may provide significant reductions in weight and comorbidity resolution, it is not the most effective surgical procedure. In addition, the rate of reoperation due to late complications and failure has become a growing concern. These issues have caused some surgeons to question the role of banding altogether.
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), morbid obesity (40-49.9 kg/m 2 ), and supermorbid obesity (50 kg/m 2 or greater). The consequences of morbid obesity may include premature death and an increased risk of weight-related health problems, including, but not limited to, diabetes, hypertension, hypercholesterolemia, heart disease, osteoarthritis, sleep apnea, and gallbladder disease (Table 1) . With the prevalence of obesity rising in both developed and developing nations, increased efforts and costs have been directed toward prevention and treatment. In the USA, it is estimated that up to 33 % of men and 36 % of women are considered obese, resulting in health care expenditure of approximately $100 billion per year to treat obesity and its complications [1, 2 • ]. Current treatment options include both medical and operative options. Medical management centers on dietary and behavioral modifications, exercise regimens, and pharmacologic agents when appropriate [3] . Unfortunately, medical management alone is rarely successful in achieving and maintaining significant weight loss in the obese population. For morbidly obese patients with a significant amount of weight to lose, bariatric surgery remains the only durable method of sustained weight loss [4] . In this article, we will discuss gastric banding, a restrictive procedure developed in the 1970s as a surgical treatment for obesity.
Brief History of Gastric Banding
Beginning in the 1970s, surgeons sought to develop approaches to decrease gastric capacity while maintaining gastrointestinal continuity. In 1978, the first nonadjustable gastric band was credited to two surgeons from New Mexico, Lawrence H. Wilkinson and Ole A. Peloso [5] . Their initial procedure involved inversion of the lesser curvature of the stomach by performing a Nissen fundoplication followed by gastric wrapping with mesh [5] . In the following year, Molina and Oria in Texas reported a gastric segmentation procedure using a nonadjustable Dacron graft to wrap the proximal stomach. Similar procedures were performed by Naslund in Sweden and Frydenburg in Australia using Marlex mesh and silicone, respectively. US researchers Bashour and Hill experimented with a ''gastro-clip gastroplasty'' in which a polypropylene clip with steel reinforcements and a fixed stoma was clasped horizontally at the gastric cardia, creating a proximal pouch [6] . These early bands, grafts, and clips were unsuccessful, with a high failure rate. They did not establish an ideal stoma diameter and often led to prolapse of the stomach upward through the band (slippage) [6] .
Austrian surgeons Szinicz and Schnapka were the first to bring the concept of ''adjustability'' to gastric banding. They experimented with a silicone elastomer ring which contained a balloon attached to a subcutaneous port. The volume of the band balloon could be adjusted by adding or removing saline via the port. This concept was further cultivated by Dag Hallberg and Peter Forsell, in Sweden,who described what is now known as the Swedish adjustable gastric band in 1985. In parallel, Lubomyr Kuzmak, a Ukrainian surgeon, reported on the clinical use of an inflatable Silastic band. Both of these bands connected to a subcutaneous port through which fluid could be added or removed to modify the degree of constriction. In 1986, Kuzmak reported improved weight loss and decreased complications in comparison with the nonadjustable band he had been using since 1983 [6] .
In the USA, two FDA-approved laparoscopic implantable gastric banding devices (LAP-BAND from Allergan and REALIZE adjustable gastric band from Ethicon EndoSurgery) are currently available [7] . The differences between the two devices include band shape, band size, and port size. The LAP-BAND system offers two sizes of concentric bands, the AP standard (10-ml fill) and AP large (14-ml fill), paired with a 11.9-or 14.7-mm access port. The REALIZE Band-C is available as a one-size band with a low-profile 11.6-mm access port [8] .
Gastric Banding: Indications and Mechanisms of Weight Loss
The four commonest bariatric procedures are the Rouxen-Y gastric bypass, the adjustable gastric band, the duodenal switch with biliopancreatic diversion, and vertical sleeve gastrectomy. These operations achieve weight loss via restriction of caloric intake (gastric band and sleeve gastrectomy), or a combination of restriction and intestinal malabsorption of calories (gastric bypass and duodenal switch) plus some metabolic components [4] .
The indications for the aforementioned weight loss operations were outlined in 1991 by the National Institutes of Health [4] . Patients are currently considered candidates for bariatric surgery if they have a BMI of 40 kg/mg [2 • ] or greater, or a BMI greater than 35 kg/mg 2 with an obesityrelated comorbid condition. Obesity-related comorbidities include diabetes, hypertension, sleep apnea, and functional impairments limiting employment or activities of daily living (Table 1 ). In 2011, however, the FDA expanded the use of the LAP-BAND only to include obese individuals with a BMI of 30-34 kg/mg 2 who also have an existing condition related to their obesity or whose BMI is greater than 35 kg/mg 2 regardless of comorbidity. Potential candidates must also demonstrate prior unsuccessful attempts at medically supervised weight reduction. Relative contraindications include the inability to comply with postoperative requirements and follow-up, active alcohol or substance abuse, and uncontrolled psychiatric disease [4] .
Gastric banding functions by limiting food intake via placement of an inflatable silicone band around the stomach below the gastroesophageal junction. The band is attached by tubing to a port with is implanted subcutaneously and allows adjustment of the size of the outlet via the addition or removal of saline [3] (Fig. 1) . The position of the band creates a small pouch at the top of the stomach which holds approximately 4 oz, whereas the typical stomach possesses a 48-oz capacity. The gastric band slows the passage of food from the pouch to the lower part of the stomach [9] . It is postulated that as the proximal part of the stomach registers as full, peptide tyrosine tyrosine is secreted from gastrointestinal mucosa, signaling the sensation of satiety. Thus, patients with gastric bands are hungry less often, experience early satiety, eat smaller portions, and lose weight over time [7, 9, 10] .
Laparoscopic Placement and Postoperative Care
The emergence of laparoscopy in the 1990s led to tremendous progress in the field of bariatric surgery and an increase in the appeal of the gastric band for the management of obesity. In 1993, the first laparoscopic human implantation of the adjustable gastric band was performed by Belachew and Le Grand in Belgium. This paved the way for laparoscopy being the preferred method of implantation [6] (Fig. 2) . Surgeons continue to develop laparoscopic innovations involving the band, including implantation via single-port laparoscopy [9] . The laparoscopic adjustable gastric banding (LAGB) procedure offers several operative advantages, including technical ease of placement, quick recovery time, and potential reversibility of the procedure. The disadvantages include the requirement for serial adjustments after surgery, and success often depends on patient compliance and close follow-up [4] . Laparoscopic adjustable gastric band adjustment frequency guidelines differ between manufacturers but are tailored to a weight-loss goal of 1-2 lb/week [11] . Some manufacturers promote an average of four adjustments during the first year, two during the second year, and an additional two during the third year after surgery [11] . Although studies regarding the frequency of adjustments are limited, initial reports suggest more frequent adjustments may result in increased excess weight loss (EWL) after LAGB. The optimal frequency of band adjustments remains unknown [11] .
In our practice, LAGB is performed as an outpatient procedure or may require a one-night hospital stay depending on patient characteristics and comorbidities. Patients initially receive a clear liquid diet following surgery, and routine postoperative imaging and laboratory work are not done unless they are clinically indicated. The first gastric band adjustment typically occurs 4-6 weeks following the operation, and patients are seen in the office every 4-6 weeks for subsequent adjustments until the ''green zone'' is obtained. The ''green zone'' is defined as the appropriate amount of fluid which affords satiety and weight loss, without symptoms or regurgitation, reflux, or discomfort.
Outcomes of LAGB
As FDA approval of the band was not received until 2001, most of the early and long-term literature regarding LAGB comes from Europe and Australia, where surgical experience extends back to 1993 [12] . There is a trend in the recent literature to compare LAGB and laparoscopic Rouxen-Y gastric bypass (RYGB), the two commonest bariatric procedures. In this section, we examine perioperative morbidity and mortality, efficacy in terms of weight loss and resolution of comorbidities, and complications of 
Perioperative Morbidity and Mortality
By requiring no bowel transection and maintaining the body's natural gastrointestinal continuity, LAGB lends itself to lower perioperative morbidity and mortality [12] . Mortality rates on the order of 1:1,000 to 1:3,000 are commonly reported [12] . In one 15-year follow-up study of 3,227 patients who underwent LAGB, there were no deaths associated with primary laparoscopic adjustable gastric band placement or any subsequent revisional procedures [13 •• ] . A meta-analysis demonstrated that although mortality was low overall, fewer deaths occurred in patients undergoing LAGB versus RYGB (0.06 % vs 0.17 %, respectively) [3] . In terms of perioperative morbidity, several US studies have demonstrated that LAGB is safer than other common bariatric procedures in the early postoperative period [12] . The risks of short-term complications such as perforation, venous thromboembolism, hemorrhage, infection, and leak are significantly decreased for LAGB versus RYGB [3] . In addition, operative time and hospital length of stay are significantly decreased for LAGB as compared with other bariatric operations [14] . LAGB operative times were shorter by a median of 68 min, and the hospital length of stay was approximately 2 days shorter [3] .
Weight Loss
In a systematic review by Tice et al. [3] of 12 studies comparing LAGB versus RYGB, the percentage EWL at 1 year after LAGB surgery ranged from 33 to 54 %. The median difference in percentage EWL between LAGB and RYGB at 1 year was 25 % in favor of RYGB [3] (Table 2) . Further studies have demonstrated that the pattern of weight loss after LAGB is not as rapid as that after RYGB and sleeve gastrectomy. Weight loss from LAGB progresses over 2 years and then plateaus [12] (Figure 3) . At 5 years after surgery, the mean percentage EWL is estimated to be 30-55 % [12] . Although weight loss is slower than that from other bariatric procedures, several studies have demonstrated long-term sustainable weight loss of up to 50 % EWL after LAGB [12] . The notion that weight loss following LAGB is sustainable is further supported by a 15-year follow-up of LAGB patients conducted by O'Brien et al. [13 •• ] . The results from this study demonstrated 47.1 % EWL at 15 years after LAGB, with mean 47 % EWL for all patients at or beyond 10 years' follow-up [13 •• ] . This study also observed that the weighted mean percentage EWL for LAGB is comparable to that of RYGB and gastroplasty (Table 3) . LAGB laparoscopic adjustable gastric banding, RYGB Roux-en-Y gastric bypass Data from Tice et al. [3] . Pooled data from systematic review [16] with a weighted mean %EWL for the principal procedures.
BPD/DS biliopancreatic diversion with duodenal switch
Impact on Weight-Related Comorbidities
The positive impact of sustained weight loss on obesityrelated comorbidities is well documented [12] . Weight loss after LAGB is accompanied by improvements in or normalization of insulin sensitivity and glycemia, obesityrelated dyslipidemia, C-reactive protein and other proinflammatory cytokine levels, nonalcoholic fatty liver disease, sleep disturbance, and ovulatory function and fertility in women with polycystic ovary syndrome [12] . After a median follow-up of 13 months, Brancatisano et al. [15] observed resolution and or improvement of comorbidities as follows: type 2 diabetes mellitus, 79 %; metabolic syndrome, 78 %; hypertension, 67 %; dyslipidemia, 66 %; gastroesophageal reflux, 66 %; asthma, 57 %; arthritis, 70 %; polycystic ovary syndrome, 48 %; and depression, 57 %. Resolution of obesity-related comorbidities at 1 year after LABG and RYGB has also been compared (Table 4) . Although both procedures proved to be beneficial, RYGB resulted in greater percentage resolution for almost all comorbidities. This finding is likely attributed to the increased percentage EWL associated with RYGB as well as the metabolic component of the procedure [3] .
Late Morbidity
Although early complications of LAGB are typically secondary to technical issues associated with band placement, port site, or wound issues, patients who undergo LAGB are predisposed to developing unique ''late'' band-related complications. Such complications include band slippage, band deflation from a ruptured balloon or inflation port breakage, infection of the band or subcutaneous port, and band erosion through the gastric lumen [16] (Table 5 ). It is estimated that up to 33 % of patients who undergo LAGB will require a reoperation or revision to another bariatric procedure either secondary to band-specific complications or inadequate weight loss [12, 16, 17] . Late problems after band placement have differed greatly in incidence since the introduction of LAGB in 1993 [12] . There has been a general reduction in the incidence of the common reasons for revisional LAGB surgery related to improvement in placement technique, technical changes in the bands and adjustment systems, and DM diabetes mellitus, GERD gastroesophageal reflux disease, HTN hypertension, OSA obstructive sleep apnea [18] . Erosion or migration of the band into the lumen of the stomach has an incidence of 1.4 % as reported in a recent meta-analysis of almost 16,000 patients [19] . Another serious long-term complication unique to the gastric band is esophageal dilation and dysmotility, or ''pseudo-achalasia.'' In a study by DeMaria et al. [20] up to 71 % of patients who underwent placement of a gastric band had a significantly increased esophageal diameter on follow-up imaging studies. Of these patients, 72 % had prominent symptoms of dysphagia, vomiting, or reflux, for which band explantation was recommended.
Evidence has shown that the number of reoperations after gastric banding is increasing in the USA. Is the Laparoscopic Gastric Band a Good Procedure, and for Whom?
With the problem of obesity growing, bariatric surgery remains the only durable treatment of weight loss for the morbidly obese patient. Since 1993, LABG has been a popular choice of procedure owing to low perioperative morbidity and relative ease of placement of the band. Research demonstrates that LAGB may provide significant reductions in weight loss and resolution of obesity-related comorbidities. However, LAGB is not the most effective surgical procedure to reduce weight. Current evidence, although predominantly observational, consistently demonstrates greater weight loss and improvements in obesityrelated conditions with RYGB compared with LABG [1] . The observed high rates of reoperation after LAGB due to late complications and failure has become a growing concern. The laparoscopic adjustable gastric band's decreased efficacy and higher risk for reoperation has caused some surgeons to prefer other bariatric procedures such as RYGB and more recently the vertical sleeve gastrectomy and question the role of LABG altogether. Ultimately, disclosure of the efficacy and safety of LAGB should be discussed with all candidates wishing to undergo bariatric surgery. With lower early complication rates and shorter operative time and hospital length of stay, LAGB may be preferable for some patients [14] . However, late complications and risk of reoperation should also be discussed. LAGB surgery may be considered to have favorable attributes for patients with lower BMI, younger patients, and women planning families. Given the decreased operative time and lower complication rate, it may also be a preferred option in older and sicker patients when the risks of more complex surgery are greater and slower, more controlled weight loss is preferable [12] . As such, we conclude that LAGB is still an efficacious and beneficial option for select patient populations.
Conclusions
LABG is not the most effective surgical procedure to reduce weight. Current evidence demonstrates greater weight loss and improvements in obesity-related conditions with RYGB compared with LABG. The laparoscopic adjustable gastric band's decreased efficacy and higher risk for reoperation has caused some surgeons to prefer other bariatric procedures. However, with lower early complication rates and shorter operative time and hospital length of stay, LAGB may be preferable for patients with lower BMI as well as higher-risk patients. LAGB remains an efficacious and beneficial option for such select patient populations.
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